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(54) A method and apparatus for supplying gas. 

(5?) An ignition assembly in a motor vehicle inflat- 
able safety system to be used with a projectile 
includes an actuation piston (362) and an 
activator, such as a percussion primer(s) (366) 
and an ignition material (370), which are sepa- 
rated by a retention pin (402). When a sufficient 
force is exerted on the actuation piston (362), 
the retention pin (402) fails such that the actua- 
tion piston (362) moves and impacts the percus- 
sion primer(s) (366) to ignite the propellant 
(334) within the gas generator (326). The result- 
ing propellant gases are thereafter provided in a 
predetermined direction(s). Advantageously, a 
check valve-like device is employed substan- 
tially to reduce the flow of propellant gases in a 
direction other than the predetermined direc- 
tions). The preferred projectile (294) also in- 
cludes a body (300) that has a smaller 
dimension than the projectile piercing head 
(296) when the projectile (294) is used to sepa- 
rate a closure disk (290) to release stored, 
pressurized gases in addition to activating the 
gas generator (326). In this case, the preferred 
projectile facilitates the controlled separation of 
any closure disk (290) used to retain press- 
urized, stored gases used by the inflator in 
addition to the propellant gases. 
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The invention relates to apparatus for supplying 

gas. 

Such apparatus has particular thought not exclu- 
sive application in motor vehicle inflatable safety sys- 
tems. 5 

Inflatable safety systems for motor vehicles have 
undergone significant development efforts in recent 
years due in part to an increased awareness as to 
their effectiveness. These inflatable safety systems 
are typically activated upon receipt of a signal from an w 
appropriate detector or sensor which indicates that in- 
flation of the confinement is required. A variety of in- 
flators are used by these systems to expand the con- 
finement in a manner which provides certain advan- 
tages. Many systems initiate inflation by "removing" 15 
an isolation between the confinement and the inflator. 
Thereafter, some inflating medium, whether it be 
pressurized gases, gases generated by combustion 
of a propellant, a mixture thereof, or other suitable flu- 
ids, is supplied to the confinement. 20 

A portion of the development efforts for inflatable 
safety systems have concentrated upon or at least ad- 
dressed controlling the flow from the inflator to the 
confinement after inflation has been initiated. In order 
to provide a reliable inflatable safety system, not only 25 
must there be a sufficient flow of the inflating medium 
to the confinement in a timely manner, but the confine- 
ment itself must remain structurally intact throughout 
operation. One proposed alternative for achieving 
these two fundamental objectives concentrates on the 30 
material selection for various components of the infla- 
tor. 

U.S. Patent No. 3,567,245 to Ekstrom, issued 
March 2, 1971, discloses utilizing certain materials for 
the barrier which provides the initial isolation between 35 
the inflator and the confinement. In one embodiment, 
the isolating barrier is a friable or fragmentable mate- 
rial which is disintegrated or comminuted by the acti- 
vation of an explosive device positioned therewithin to 
initiate inflation. The resultant materials, which are ap- 40 
parently of a sufficiently small size, are then forced 
through various passageways by the exiting pressu- 
rized fluid used for inflation and thus presumably enter 
the confinement. The utilization of an elastomeric ma- 
terial, particularly an RTV rubber, in this type of con- 45 
figuration is also suggested since the resultant mate- 
rials allegedly do not damage the confinement due to 
their resiliency. Another embodiment includes an iso- 
lating barrier having preformed grooves thereon such 
that when the explosive device is activated, the barrier so 
breaks into sections defined by the grooves. These 
resultant sections are able to pass through the passa- 
geways so as to not block the flow of fluid to the con- 
finement, and thus also presumably enter the confine- 
ment. 55 

U.S. Patent No. 3,900,211 to Russell et al., is- 
sued August 19, 1975, discloses selecting an appro- 
priate material for the component used to release a 



poppet to initiate inflation. Generally, a poppet is posi- 
tion d in a discharge conduit connected to a source 
of pressurized fluid to initially prohibit flow therefrom. 
A support tube assists in maintaining the poppet in 
this closed position and also separates the poppet 
from a pyrotechnic charge. Upon receiving a signal 
that inflation is required, the pyrotechnic charge is ac- 
tivated to disintegrate the support tube. The pressure 
exerted on the face of the poppet by the stored fluid 
thereafter moves the poppet to expose a discharge 
outlet to initiate the flow. Due to the positioning of the 
support tube between the poppet and the pyrotechnic 
charge and the travel of the poppet toward the charge 
after the activation thereof, the disclosure indicates 
that there is no expulsion of support tube or pyrotech- 
nic residue in the fluid stream. 

In recognition that fragments or other foreign ma- 
terials generated upon activation of the inflator may 
enter into the flow and adversely affect the overall per- 
formance of the inflatable safety system, such as by 
restricting the flow rate through blocking passage- 
ways to the confinement or by damaging the confine- 
ment when propelled against the interior surfaces 
thereof, filtering- type devices were incorporated to re- 
move these fragments and other foreign materials. 
U.S. Patent Nos. 3,618,980 to Leising et al., issued 
November 9, 1971; 3,822,895 to Ochiai, issued July 
9, 1974; and 4,114,924 to Kasagi et al., issued Sep- 
tember 19, 1978, are representative of these efforts. 
Leising et al. discloses in one embodiment the posi- 
tioning of a vane structure between a propellant 
chamber and an inflatable bag. When a collision is 
sensed and the propellant within the propellant cham- 
ber is ignited, the by-products thereof flow through the 
vane structure. Heavier particles are thrust outwardly 
by the vanes and are directed to a trap where they are 
retained until converted into a gas or until the bag is 
inflated. However, the gases generated by the burn- 
ing of the propellant flow to the confinement. In an- 
other embodiment, a screen structure is used to pre- 
vent molten liquid masses of propellant from entering 
into the inflatable bag while allowing gases to pass 
through alternate passageways. 

Ochiai discloses a filtering apparatus positioned 
in the discharge area of a receptacle containing a 
source of an inflating gas. A cup-shaped barrier, hav- 
ing a convex side which faces the stored gas and a 
concave side which contains a rupture inducing 
means, initially contains the gas within the receptacle. 
When the cup-shaped barrier is ruptured, gas flows 
through the filter and to the gas bag. However, the 
broken pieces of the cup-shaped barrier are prevent- 
ed from entering the gas bag by the filter. 

Kasagi et al. discloses positioning a collecting 
chamber between an inflator and an inflatable safety 
bag to collect fragments or pieces generated by the 
removal of the initial isolating structure between the 
inflator and the inflatable bag. More particularly, the 
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collecting chamber is positioned near a bent portion 
(illustrated as a 90° bend) of the conduit connecting 
the inflator and bag in substantia! alignment with the 
conduit prior to making the bend. Consequently, as 
the gas and any fragments generated by removal of 5 
the isolating barrier approach the collecting chamber, 
the inertial forces possessed by the heavier frag- 
ments direct them to continue into the aligned collect- 
ing chamber where they are trapped while the gases 
flow around the bend in the conduit and are directed 10 
to the inflatable bag. Various other embodiments ad- 
dress structural modifications of the collecting cham- 
ber and/or the conduit, as well as the positioning of 
certain collecting materials within the collecting cham- 
ber. « 

The above-described filtering-type devices for 
controlling flow from the inflator to the confinement 
suffer from a number of deficiencies. For instance, fil- 
tering or collecting devices may not retain all of the 
particles generated upon activation of the inflator. 20 
Consequently, some particles may pass through the 
filtering device and become lodged in a passageway 
to restrict the flow to the confinement or some may en- 
ter the confinement, both of which may adversely af- 
fect performance of the inflatable safety system. Even 25 
if the filtering device properly functions and retains all 
of the generated particles, this may in and of itself in- 
troduce a further flow restriction to the confinement by 
blocking an entire passageway or a portion thereof. 
Furthermore, these filtering-type devices also add to 30 
the material and subsequent maintenance costs of 
the inflator. 

As a result of the above deficiencies with systems 
which address controlling flow by concentrating on 
the by-products generated by the removal of the iso- 35 
lation between the inflator and the confinement, re- 
cent efforts have begun to utilize methods of initiating 
inflation which reduce the quantity of activation by- 
products. One possible alternative is the use of a pro- 
jectile to "remove" the isolating member. 40 

Representative of punching-type projectiles in- 
clude U.S. patent Nos. 3,788,667 to Vancil, issued 
January 29, 1974, and 3,869,143 to Merrell, issued 
March 4, 1975, which generally disclose the use of a 
ramming, piston-like member to remove a barrier iso- 45 
lating the inflator from the confinement after an appro- 
priate signal is received by the respective activating 
apparatus. These barriers have grooves formed 
thereon to provide predetermined break lines such 
that when the ramming member impacts the barrier, so 
the barrier is completely removed from its supporting 
structure to initiate inflation. 

French Patent No. 2,557,251, issued June 28, 
1985, discloses releasing a fluid under pressure by 
using a projectile. More particularly, a plurality of met- 55 
al particles (i.e., lead shot) are directed toward and 
"burst" a cup-shaped diaphragm to release the pres- 
surized fluid. Not only does there not appear to be a 



mechanism for trapping the lead shot after having 
been fired (i.e., the lead shot may restrict flow by col- 
lecting in a passageway and/or may enter the confine- 
ment to which the source is connected), but it does not 
appear that the referenced "bursting" of the disk in the 
disclosure would indicate any desire to reduce the 
amount of by-products generated upon activation. 

U.S. Patent No. 3,836,1 70 to Grosch etal., issued 
September 17, 1974, generally discloses a variety of 
projectiles for initiating inflation. In one embodiment, 
a piston-like ramming member is used to remove the 
isolating barrier which has rupture lines placed there- 
on and is therefore similar to that disclosed by Vancil 
and Merrell discussed above. In another embodiment, 
a cylindrically-shaped projectile positioned in a tubu- 
lar guide is directed toward the isolating barrier by the 
activation of a pyrotechnic charge. A trap positioned 
beyond the barrier collects the projectile, the by-prod- 
ucts of the activation of the pyrotechnic charge, and 
presumably portions of the isolating barrier, all of 
which allegedly do not impede the flow of gas through 
the plurality of exiting passageways. Another embodi- 
ment utilizes a blunt nosed projectile (i.e., one which 
tapers to a degree but not to a point) and an isolating 
barrier which appears from the drawings to be dished 
out on the downstream side of the projectile which is 
exposed to a portion of the source of compressed gas. 
When the blunt-nosed projectile impacts the dished 
out barrier on its substantially planar side, the barrier 
is allegedly torn in a star-shaped manner and the pro- 
jectile and other by-products of activation are caught 
in a trap so that the flow of gas is not impeded. Al- 
though the blunt-nosed projectile embodiment is al- 
leged to produce a star-shaped tear in the isolating 
barrier, this particular design would not produce a 
consistent tear-pattern on the barrier. Initially, it would 
appear that a portion of the barrier, coinciding essen- 
tially with the area of the blunt-nosed face of the pro- 
jectile, would be "punched out" by the impact of the 
projectile and become completely separated from 
other portions of the barrier. However, assuming no 
punched out portion is produced, the potential for por- 
tions of the barrier breaking off and entering the flow 
still exists. Although there is no explicit disclosure as 
to the type of surface forming the tapered portion of 
the projectile, it appears from the drawings that this 
surface is smooth. Consequently, this surface would 
not cut or otherwise separate the barrier in a. prede- 
termined manner as it passed therethrough, but in- 
stead the barrier would tear along lines dictated, in 
part, by the stresses in the barrier. 

As a general rule of manufacturing processes, th 
thickness of a piece of metal stock determines, in part, 
the radius iof a. bend which may be formed without 
cracking or shearing the stock in the. region of the 
bend. When the radius of a bend in a piece of stock 
becomes less than the initial thickness thereof, the 
potential for the development of cracks in the bend or 
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the shearing of the stock in this region increases. Con- 
sequently, when it is desirable to achieve a cutting ac- 
tion in this region, the stock may be "bent" at a radius 
which is less than the thickness thereof, and prefer- 
ably at a radius which is significantly less than the 5 
thickness to ensure shearing or cutting takes place in 
this region. 

Assuming that the blunt-nosed projectile config- 
uration of Grosch et al. would not completely punch 
out any portion of the isolating barrier, the smooth sur- 10 
face over the tapered portion of the projectile would, 
based upon the foregoing, bend versus cut the barrier 
as it passed therethrough since there is no disclosed 
"edge" which would cause a controlled cut or shear 
(i.e., the radius of the tapered surface is not, from the 15 
drawings, less than the thickness of the isolating bar- 
rier). The resultant bending of the barrier by the pene- 
trating projectile would therefore cause the barrier to 
"tear" along lines dependent upon, in part, the existing 
stresses in the barrier. Therefore, the separation of 20 
the barrier by the blunt-nosed projectile configuration 
of Grosch et al. is not controlled (i.e., the pattern for 
the tearing will typically vary dependent upon various 
factors), thereby creating the potential for separating 
the barrier in a manner which would result in portions 25 
thereof breaking off and entering the flow. 

French Patent Nos. 1,147,005, issued November 
18, 1957, and 2,543,658, issued October 5, 1984, 
each generally disclose a projectile for releasing a 
pressurized fluid from a container. The disclosed pro- 30 
jectiles taper to a point and appear to be continuously 
smooth over the entire tapered surface. The apparent 
smoothness of the tapered portions of the projectile 
would also produce inconsistent and uncontrolled re- 
sults in "removing" or separating a barrier as dis- 35 
cussed above due to the resultant bending of the bar- 
rier (based upon the radius of the tapered portion) and 
subsequent uncontrolled "tearing" of the barrier along 
lines dependent, in part, upon the stresses therewi- 
thin. In fact, French patent No. 2,543,658 discloses 40 
that the projectile utilized therein actually "shatters" 
the isolation which would generate and introduce nu- 
merous particles into the system, and thus does not 
even recognize the desirability of controlling the 
amount of by-products generated by separation of the 45 
barrier. 

Canadian Patent No. 967,192, Issued May 6, 
1 975, discloses another projectile head design for re- 
leasing a compressed gas. A spring loaded plunger 
extends through a bottle of compressed gas. When a 50 
collision is sensed, the plunger is driven through the 
diaphragm which isolates the compressed gas from 
the inflatable member to release the gas. The end of 
the plunger appears to have a series of unjoined (i.e., 
non-intersecting), inclined planar surfaces which, al- 55 
though tapered, do not appear to taper to a point. The 
resultant projectile is thus of the blunt-nosed config- 
uration utilized by Grosch et al. which suffers from the 



above-noted deficiencies. Moreover, it is not apparent 
from the drawings and the disclosure does not appear 
to indicate that this projectile head configuration 
would cut an isolating member in a consistent manner 
to reduce fragmentation. Since the inclined faces of 
the projectile do not intersect, the edges formed by the 
inclined faces would bend versus cut the barrier, due 
to the radius of the edge in relation to the diaphragm, 
resulting in the type of inconsistent and uncontrolled 
"tearing" of the diaphragm as addressed above. 

Related to controlling the flow provided to the 
confinement is the source of the flow. Some inflatable 
safety systems utilize only a single type of source. For 
instance, Ekstrorn and U.S. Patent No. 3,966,228 to 
Neuman, issued June 29, 1 976, both disclose utilizing 
only a gas stored under pressure to expand the con- 
finement, whereas U.S. Patent No. 4,380,346 to Da- 
vis et al., issued April 19, 1983, discloses utilizing gas- 
es generated by the combustion of a propellant as the 
sole source. 

A large number of other types of inflatable safety 
systems use two types of sources, typically a com- 
pressed gas which is stored at ambient temperature 
(i.e., a cold gas) and gases generated by combustion 
of a propellant (i.e., a hot gas). For instance, U.S. Pa- 
tent No. 4,050,483 to Bishop, issued September 27, 
1977, utilizes two time delayed electrical signals, one 
to remove an isolation between the compressed gas 
and the confinement and a second to ignite the pro- 
pellant after the predetermined delay. U.S. Patent No. 
3,731,843 to Anderson, Jr., issued May 8, 1973, and 
U.S. Patent No. 3,948,540 to Meacham, issued April 
6, 1976 (Fig. 8 embodiment), each generally disclose 
removing an isolation between the compressed gas 
and the confinement to initiate the flow and utilizing a 
pressure differential which develops after this initial 
release of the compressed gas to, effectively, propel 
a firing pin, against the force of a biasing spring, into 
engagement with a percussion cap to ignite a propel- 
lant. 

U.S. Patent No. 5,060,974 to Hamilton et al., is- 
sued October 24, 1991, discloses releasing a stored 
gas by removal of an isolation and thereafter activat- 
ing a gas generator. More particularly, a diaphragm 
having a firing pin attached thereto inverts to strike a 
percussion primer and ignite a propellant within the 
gas generator upon the diaphragm experiencing a 
certain pressure differential. In this regard one side of 
the diaphragm is subjected to a reference pressure 
while the opposite side of the diaphragm, having the 
firing pin attached thereto and thus facing the percus- 
sion primer, is fluidly connected to the container hav- 
ing the stored gas therein by a plurality of outlets. 
Consequently, when stor d gas on the firing pin side 
of the diaphragm begins flowing through the ouUets 
after the r moval of the isolation, a pressure differen- 
tial develops which inverts the diaphragm in the re- 
quired manner. 
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Another alternative for a two source system is 
generally disclosed by Vancil, Merrell, Meacham (Fig. 
1 embodiment), U.S. Patent No. 3,773,353 to Trow- 
bridge etai., issued November 20, 1973, U.S. Patent 
No. 3,895,821 to Schotthoefer et al. a issued July 22, 5 
1975, and U.S. Patent No. 4,018,457 to Mariow, is- 
sued April 19, 1977. Each generally discloses activat- 
ing an inflator through ignition of a propellant upon re- 
ceipt of an appropriate electrical signal. The gases 
generated by the combustion of the propellant are 10 
then used, directly or indirectly, to remove an isolation 
between the confinement and the compressed gas to 
thereby release both the compressed gases and the 
propellant gases to the confinement. 

One embodiment of the present invention gener- 15 
ally relates to releasing gases or other fluids in a man- 
ner which does not result in any significant amount of 
foreign materials entering the flow from the source of 
such gases or fluids. In this regard, the present inven- 
tion includes a housing having a source of gas or other 20 
appropriate fluid, a barrier to initially contain the gas 
within the housing, and a projectile positioned on one 
side of the barrier. When release of the gas is desired, 
the projectile is propelled toward the barrier to pene- 
trate, pass through, and separate the barrier in a con- 25 
trolled manner which creates a path for the flow of gas 
from the housing. Due to the controlled separation of 
the barrier, the barrier remains substantially intact af- 
ter being penetrated by the projectile which reduces 
the potential for the generation of fragments or other 30 
foreign materials. Consequently, the potential for a re- 
stricted flow due to collection of debris in passage- 
ways connecting the source of gas and the article to 
receive the gas, as well as the potential for such de- 
bris actually entering the article, is significantly re- 35 
duced. Therefore, this embodiment of the present in- 
vention which utilizes a single function projectile is 
particularly useful in inflatable safety systems for mo- 
tor vehicles. 

The configuration of the single function projectile 40 
contributes to the performance of this embodiment of 
the present invention, namely by controlling the sep- 
aration of the barrier. One embodiment of this projec- 
tile utilizes a plurality of inclined, intersecting faces 
which converge to substantially a point at the tip of the 45 
projectile. The pointed tip of the projectile effectively 
penetrates the barrier and the intersection of the ad- 
jacent faces produces a plurality of edges .which, as 
the projectile passes through the barrier, cut the bar- 
rier along lines defined by these edges. In order to fur- so 
ther enhance the definition of these edges to obtain a 
more effectiv cutting action, which further improves 
the controlled separation of the barrier, the faces of 
the projectile in another embodiment are concavely- 
shaped to effectively "raise" the edges to a sharper 55 
degree. 

The effective result of the above-described con- 
figuration of the single function projectile is that the 
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barrier is separated into a number of substantially tri- 
angularly-shaped petals coinciding with the number 
of faces and edges possessed by the projectile. 
These individual petals each remain attached to the 
perimeter of the barrier and point in the direction of the 
flow. Consequently, the barrier is separated in a con- 
trolled manner by the described cutting action of the 
projectile to produce an end configuration for the bar- 
rier which reduces the potential for portions thereof 
breaking off and entering the flow. 

The configuration of the barrier itself also contri- 
butes to the performance of this single function pro- 
jectile embodiment of the present invention. In one 
embodiment, the barrier is a dome-shaped disk hav- 
ing a concave and convex side. Preferably, the con- 
cave side is exposed to the pressurized gas which is 
therefore exerting forces thereon, while the convex 
side faces the projectile. This configuration is advan- 
tageous in that when the projectile initially contacts 
the convex portion of the disk in its central region, the 
disk is dimpled which increases the stresses in the 
disk. Consequently, as the projectile penetrates the 
disk and the above-defined edges of the projectile ini- 
tiate the separation lines thereon by the described 
cutting action, the disk stresses introduced by the 
dimpling, as well as the forces exerted on the concave 
side of the disk by the pressurized gas, assist in the 
separation of the disk along lines defined by the 
edges of the projectile. 

Based upon the foregoing, it can be appreciated 
that the single function projectile embodiment of the 
present invention is particularly useful with inflatable 
safety systems for motor vehicles which generally 
consist of some type of inflator and an expandable 
confinement. In this regard, the projectile is suitably 
attached to a squib or other similar electroexplosive 
device which is commonly connected to a collision, 
impact, or deceleration detector. When an appropri- 
ate signal is received by the squib, the projectile is 
propelled through the barrier to yield the above- 
described results. Thereafter, the inflator supplies the 
gas or another fluid to the confinement by a variety of 
methods. The flow of gas thus provided to the confine- 
ment is essentially free from debris which could po- 
tentially adversely affect the performance of the inflat- 
able safety system. 

The single function projectile embodiment of the 
present invention offers a number of advantages not 
previously provided for by known gas release mech- 
anisms for inflatable safety systems. For instance, 
this embodiment concentrates on reducing the mate- 
rials generated in releasing the gas. Consequently, 
the need for additional and sometimes complex con- 
nectors between the inflator and the confinement is 
eliminated. Relatedly, the need for additional compo- 
nents such as filters, which may not effectively re- 
move all particles and which may also become plug- 
ged to further adversely affect the performance of the 
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inflator, is also eliminated. By choosing an appropri- 
ate number of inclined faces and thus cutting edges 
for the projectile, this embodiment consistently re- 
leases a gas without generating an amount of frag- 
ments which could adversely affect the performance 5 
of the inflator and/or the inflatable confinement. 

Another embodiment of the present invention 
generally relates to releasing a compressed gas and 
igniting a propellant by using a dual function projec- 
tile. In this regard, the present invention includes a 10 
housing having a source of gas or other appropriate 
fluid, a gas generator interconnected with this housing 
which contains a propellant, and a projectile. When 
release of the gas is desired, the projectile is propel- 
led through a sealing portion of the housing to create 15 
a flow path from the housing. The projectile then im- 
pacts an activating portion of the gas generator to ig- 
nite the propellant. Consequently, the projectile per- 
forms two functions, thereby reducing the required 
number of components as well as the complexity of 20 
their interaction for an inflator which utilizes a two 
source system (i.e., stored gases and propellant gas- 
es). 

The sealing portion of the housing retains the 
stored gas until the projectile is activated. In one em- 25 
bodiment, this sealing portion of the housing is a clo- 
sure disk which is substantially aligned with the pro- 
jectile. Although various configurations of closure 
disks and projectiles may be used in this dual function 
projectile embodiment, preferably the above- 30 
discussed dome-shaped disk is used in combination 
with a projectile having the same configuration as the 
single function projectile discussed above so as to 
also provide the desirable fragmentation reduction 
feature. 35 

After the projectile passes through the sealing 
portion of the housing, the projectile impacts an acti- 
vating portion of the gas generator. In one embodi- 
ment, this activating portion includes an activation 
plate which is substantially aligned with the projectile. 40 
When the projectile impacts the activation plate, it is 
deflected such that an impacting member, such as, for 
instance, a ring or a plurality of extensions, attached 
to the activation plate is driven toward and into contact 
with at least one of a plurality of percussion primers 45 
positioned near an ignition charge within the gas gen- 
erator. Consequently, the ignition charge and then the 
propellant are ignited to generate a source of propel- 
lant gases having an elevated temperature over that 
of the stored gas. 50 

Although this dual function projectile embodiment 
reduces the number of required components and the 
complexity of their interaction for a two source inflator, 
the performance of the present invention is not signif- 
icantly adversely affected. For instance, it is desirable 55 
in motor vehicle inflatable safety systems to provide 
an initial flow of gas at ambient temperature -to the 
confinement before providing a supply of gas at an 



elevated temperature. This embodiment of the pres- 
ent invention provides this desirable feature. For in- 
stance, in one embodiment an outlet is provided on 
the gas generator to direct the flow of propellant gases 
away from the flow path created through the sealing 
portion by the projectile. Moreover, in another em- 
bodiment the gas generator outlet is positioned a cer- 
tain distance from the sealing portion of the housing 
(i.e., a column of stored gas is between the sealing 
portion of the housing and the gas generator outlet). 
Furthermore," in another embodiment the gas gener- 
ator operates at a pressure which is not significantly 
greater than that within the housing. The result is that 
little turbulence is generated such that mixing of the 
propellant gases and stored gases is minimized. Con- 
sequently, the propellant gases effectively function as 
a piston to force the above-described column of am- 
bient temperature stored gas to the confinement be- 
fore a significant portion of the elevated temperature 
propellant gases are provided thereto. 

Many of the advantages of this embodiment of the 
present invention are attributable to the dual function 
projectile. In one embodiment, the projectile has a 
cavity portion in which at least a portion of a squib may 
be positioned. Consequently, this assembly may be 
conveniently positioned externally of the housing and 
its source of stored gas. Moreover, by incorporating a 
cavity on the projectile and this positioning of a portion 
of the squib therein, the squib is able to direct suffi- 
cient forces thereon when activated to sufficiently 
guide the projectile through the sealing portion of the 
housing and into contact with the activating portion of 
the gas generator. In order to further improve the guid- 
ance of the projectile, the squib and the projectile may 
be positioned within a sleeve in another embodiment. 
The length of the sleeve may be such that the entire 
projectile will never leave the sleeve. Consequently, 
after the projectile performs its dual functions, the pro- 
jectile is retained within the sleeve. The retention of 
the projectile within the sleeve also reduces the po- 
tential for those by-products, from the activation of the 
squib which could adversely affect performance, en- 
tering the flow. 

Although the actual configuration of the projectile 
is not generally critical to the performance of both 
functions, preferably the: above-described single 
function projectile having the plurality of cutting edges 
is used to also provide the desired fragmentation re- 
duction feature. While other types of configurations 
may be used for the dual function projectile, such as 
a ball, it may be necessary or at least desirable to in- 
corporate an appropriate filtering system to reduce 
the potential for fragments being provided to the con- 
finement. 

Another embodiment of the present invention is a 
gas generator ignition assembly for an inflator in a mo- 
tor vehicle inflatabl safety system. The ignition as- 
sembly includes an actuation piston and an activator 
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which are initially separated by a retention device 
which engages the actuation piston. When a certain 
magnitude of force is applied to the actuation piston, 
preferably coinciding with a condition in which opera- 
tion of the inflatable safety system is desirable, the re- 
tention device substantially releases the actuation 
piston such that the actuation piston moves into en- 
gagement with the activator to ignite the propellant 
contained within the gas generator. 

A number of features may be incorporated into 
the above-described embodiment of the ignition as- 
sembly to enhance the performance of the inflator as- 
sociated therewith. For instance, in one embodiment 
an actuation support structure is positioned to engage 
the gas generator housing and to retain at least a por- 
tion of and guide the actuation piston toward the acti- 
vator. In this regard, the actuation piston may be slid- 
ably engaged with the actuation support structure and 
have at least one projecting memberfor engaging with 
a portion of the activator, for instance a percussion pri- 
mers) substantially aligned with such projecting 
member(s). Moreover, a retention pin or ring, seated 
within the actuation support structure, may engage 
the actuation piston and initially maintain its position 
away from the percussion primer(s) to reduce the po- 
tential for preignition of the propellant. However, when 
an appropriate force is exerted on the actuation pis- 
ton, the retention pin or ring shears such that the pro- 
jecting member(s) of the actuation piston impact the 
substantially aligned percussion primer(s) to ignite 
the propellant. In order to reduce resistance to this 
movement of the actuation piston, due for instance to 
compression of any gases between the actuation pis- 
ton and the activator, orifices may be appropriately in- 
corporated on the actuation support structure to pro- 
vide a release conduit for any such gases. Moreover, 
since there may be leakage of propellant gases 
through the primer(s) once discharged, advanta- 
geously such propellantgases force the actuation pis- 
ton away from the primer(s) such that a shoulder por- 
tion on the actuation piston engages a shoulder por- 
tion on the actuation support structure to act as a 
check valve and effectively seal the gas generator 
housing in this region. As a result, the propellantgas- 
es are properly directed through the gas generator 
outlet(s) to improve the consistency of performance of 
the inflator. 

As can be appreciated, the ignition assembly of 
the present invention may be utilized by a variety of 
inflator designs, including those which use a projectile 
to activate the gas generator such as the above- 
described dual function projectile embodiment of the 
present invention. In this regard, when the dual func- 
tion projectile is propelled toward and impacts the 
substantially aligned actuation piston, the force of im- 
pact causes the retention device to release the actua- 
tion piston such that the actuation piston moves into 
engagement with the activator to ignite the propellant. 



Advantageously, the actuation piston is able to with- 
stand the ballistic pressures experienced thereby due 
to the impact of the projectile. Thereafter, the propel- 
lant gases, as well as the stored gases released by 
5 the dual function projectile, are thereby provided to 
the inflatable safety system in the above-described 
manner. 

The invention is diagramrnatically illustrated by 
way of example in the accompanying drawings, in 
10 which: 

Fig. 1 is a block diagram of a typical inflatable 
safety system for motor vehicles; 
Fig. 2 is a longitudinal cross-sectional view of one 
t type of inflator with which the single function pro- 
is jectile embodiment of the present invention may 
be used; 

Fig. 3 is a perspective view of one embodiment of 
a projectile; 

Fig. 4 is a side view of the projectile of Fig. 3; 

20 Fig. 5 is a top view of the projectile of Fig. 3; 

Fig. 6 is a view illustrating the intersection of ad- 
jacent faces of the projectile of Fig. 3; 
Fig. 7 is a second perspective view of the projec- 
tile of Fig. 3 from the bottom portion thereof; 

25 Fig. 8 is a bottom view of the projectile of Fig. 3; 

Fig. 9 is a perspective view of a preferred config- 
uration of an isolating disk useful with the present 
invention; 

Fig . 1 0 is a cross-sectional view of the disk of Fig. 

30 9 along line 10-10; 

Fig. 11 is a perspective view of the isolating disk 
of Fig. 9 after one embodiment of the single func- 
tion projectile has passed therethrough; 
Fig. 12 is a perspective view of the isolating disk 

35 of Fig. 9 after another embodiment of the single 

function projectile has passed therethrough; 
Fig. 13 is a perspective view of a projectile having 
a pointed tip and a smooth surface over the taper 
forming the tip; 

40 Fig. 14 is a perspective view of the isolating disk 

of Fig. 9 in an expected configuration after the 
projectile of Fig. 13 has passed therethrough; 
Fig. 15 isasideview of one embodiment of a sin- 
gle function projectile prior to being propelled to- 

45 ward the isolating disk of Fig. 9; 

Fig. 16 is a side view of one embodiment of the 
single function projectile as it initially contacts and 
pierces the isolating disk of Fig. 9; 
Fig. 17 is a side view of one embodiment of the 

so single function projectile after it has completely 
penetrated and passed through the isolating disk 
of Fig. 9; 

Fig. 18 is a longitudinal cross-sectional view of an 
inflator utilizing a dual function projectile in accor- 
55 dance with another embodiment of the present in- 

vention; 

Fig. 19 is the cross-sectional view of the inflator 
of Fig. 18 after the dual function projectile has 
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passed through the sealing portion of the pres- 
sure bottle; 

Fig. 20 is the cross-sectional view of the inflator 
of Fig. 18 after the dual function projectile has im- 
pacted the activating portion of the gas generator; 5 
Fig. 21 is an exemplary performance curve for the 
operation of the inflator of Fig. 18, illustrating the 
pressure variation in the pressure bottle during in- 
flation; 

Fig. 22 is an exemplary performance curve for the 10 
operation of the inflator of Fig. 18, illustrating the 
pressure buildup rate of a fix-wall container inter- 
connected with the inflator; 
Fig. 23 is a cross-sectional view of a gas gener- 
ator which utilizes one embodiment of the ignition 15 
assembly of the present invention; 
Fig. 24 is an enlarged cross-sectional view of the 
engagement of the actuation piston by a retention 
pin; and 

Fig. 25 is a side elevational view of an embodi- 20 
ment of a projectile having a body diameter which 
is reduced in relation to the projectile head. 
The present invention will be described with ref- 
erence to the accompanying drawings which illustrate 
the pertinent features thereof. One embodiment of the 25 
present invention is an apparatus which releases gas- 
es or other fluids from a container without introducing 
any significant amount of fragments or other debris 
into the flow from the container through use of a single 
function projectile. Although this embodiment may be 30 
used in all applications where it is desirable to release 
any source of gas or other fluid, the fragmentation re- 
duction feature makes it particularly useful in motor 
vehicle inflatable safety systems. 

Referring to Fig. 1, a typical inflatable safety sys- 35 
tern 22 is generally illustrated. The primary compo- 
nents of such an inflatable safety system 22 include 
a detector 26, an inflator 30, and an expandable con- 
finement 158. When the detector 26 senses a condi- 
tion requiring expansion of the confinement 158, a 40 
signal is sent to the inflator 30 to release gases or 
other suitable fluids from the inflator 30 to the confine- 
ment 1 58 via the conduit 1 54. Although one particular 
type of inflator 30 will be described herein with refer- 
ence to this single function projectile embodiment, it 45 
will be appreciated that it may be used with a wide va- 
riety of inflators 30, including those which only contain 
a source of pressurized gas or otherfluid, those which 
util ize a source of pressurized gas in combination with 
a propellant which is ignited at some point during in- 50 
flation to. augment the flow, or those systems which 
utilize only the ignition and subsequent combustion of 
a propellant to expand the confinement 158. 
•'. One inflator 30 with which the single function pro- 
jectile embodiment of th present invention may be 55 
used is illustrated in Fig. 2. Generally, the inflator 30 
includes a stored gas housing 34 which contains a 
source of pressurized gas, a pressurized; dome- 



shaped isolating disk 38 which contains the gas within 
the stored gas housing 34 until a condition requiring 
inflation is sensed by the detector 26 (Fig. 1), an ac- 
tivator assembly 58 which effects the release of the 
gas from the stored gas housing 34 by separating the 
disk 38 in a controlled manner (discussed in detail be- 
low) to initiate flow to the confinement 158 (Fig. 1), 
and a gas generator 110 which augments the flow to 
the confinement 1 58 (Fig. 1) after the initial expansion 
thereof by ignition and subsequent combustion of a 
propellant 146 contained therein. 

In operation of the inflator 30 of Fig. 2, the detec- 
tor 26 (Fig. 1) will sense a condition requiring opera- 
tion of the inflatable safety system 22 and thereafter 
sends a signal through the leads 78 to the activation 
assembly 58 which is positioned in close proximity to 
the disk 38. The activation assembly 58 includes an 
electroexplosive device 74 having a projectile 82 ap- 
propriately attached thereto. Upon receipt of this sig- 
nal, the electroexplosive device 74 propels the projec- 
tile 82 toward the disk 38 to penetrate and separate 
the disk 38 in a controlled manner (discussed below) 
to allow gas to begin flowing from the stored gas hous- 
ing 34, through the interior discharge ports 66, the dis- 
charge connector 62, the exterior discharge ports 70, 
the conduit 154, and into the confinement 158. Due to 
the effective diameter of the projectile 82, it is unable 
to pass through the exterior discharge ports 70 and is 
thus retained within the inflator 30 during inflation. 

A gas generator 1 10 is coaxially positioned within 
the stored gas housing 34 to augment the flow to the 
confinement 158 after having been initially expanded 
by the flow of pressurized gas from the stored gas 
housing 34. This augmented flow is initiated in re- 
sponse to certain changing conditions, one of which 
is a change in pressure, and thus the inflator 30 util- 
izes a reference chamber 114 having a pressurized 
gas contained therein by a cup-shaped, bistable dia- 
phragm 118 which assists in activating a propellant 
146 contained within a propellant chamber 142. 

In its first position, the convex surface of the dia- 
phragm 1 1 8 is exposed to the gas within the reference 
chamber 114 while its concave surface is exposed to 
the gas within the stored gas housing 34 via the plur- 
ality of pressure ports 126 positioned in the wall of the 
gas generator 1 10 and the divider 130 positioned be- 
tween the diaphragm 1 1 8 and the propellant chamber 
142. Consequently, as gas flows from the stored gas 
housing 34 to the confinement 158 after the above- 
described controlled separation of the disk 38 by the 
projectile 82, the pressure on the initial concave sur- 
face of the diaphragm 118 decreases in relation to the 
pressure within the reference chamber 114 which 
continues to exert forces on the convex surface of the 
diaphragm 118. After a certain differential pressure 
develops, the diaphragm 118 rapidly inverts into its 
second position (i.e., the convex surface now faces 
the propellant chamber 142) to propel an impacting 
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mass 122 into engagement with a percussion primer 
1 38 to ignite the propellant 146. The propeilant gases 
generated by the combustion of the propellant 146 
then exit the propellant chamber 142 through the gas 
generator ports 150 to augment the flow to the con- 5 
finement 158 through the above described passage- 
ways. 

An important aspect of this single function projec- 
tile embodiment of the present invention is the control- 
led separation of the disk 38 in a manner which not 10 
only allows for a sufficient, timely flow from the inflator 
30 to the confinement 158 (Fig. 1), but which allows 
the disk 38 to remain substantially intact to significant- 
ly reduce the amount of foreign materials which are 
generated upon activation of the inflator 30. The con- 15 
figuration of the projectile 82 contributes to this con- 
trolled separation of the disk 38 and embodiments of 
the projectile 82 are illustrated in Figures 3-8. Al- 
though the disk 38 is illustrated as being dome- 
shaped in Figs. 2, 9-10, and 15, the advantages of 20 
which will be discussed below, other configurations 
may be appropriately separated by the projectile 82 in 
the desired controlled manner. 

Specifically referring to Figures 3-5, the projectile 
82 includes a plurality of inclined, intersecting faces 25 
86 which converge to a point at the tip 90 of the pro- 
jectile 82. The intersection of these faces 86 thereby 
define a plurality of edges 94 which are used to initiate 
separation of the disk 38 along lines coinciding with 
the edges 94. As will be discussed in more detail be- 30 
low, preferably each face 86 is of substantially the 
same size and configuration, resulting in the edges 94 
being substantially equally spaced to separate the 
disk 38 into substantially equally-sized petals 54, 
each of which remain attached to a rim 42 positioned 35 
on the perimeter of the disk 38 and which point in the 
direction of the flow as illustrated in Figs. 11-12 and 
15. 

The pointed tip 90 allows the projectile 82 to ef- 
fectively penetrate the disk 38 without removing any 40 
significant material portions thereof (Le. t no signifi- 
cant portion of the disk 38 is punched out and sepa- 
rated from remaining portions of the disk 38 by the 
penetrating projectile 82). As the projectile 82 advanc- 
es through the disk 38, the edges 94 cut the disk 38 45 
along lines coinciding with the edges 94. This cutting 
action is achievable since the projectile 82 tapers out- 
wardly from its tip 90 to the base 98 (i.e., the effective 
diameter of the projectile 82 increases from the tip 90 
to the base 98). Moreover, each edge 94 possesses so 
a sufficient "sharpness" to cut or shear the pressu- 
rized disk 38 along lines coinciding with the edges 94. 
This is a primary requirement in achieving controlled 
separation of the disk 38 to produce a consistent end 
configuration thereof which will remain substantially 55 
intact throughout operation of the inflator 30 so as to 
not adversely affect the performance thereof by intro- 
ducing fragments or other foreign materials into the 



flow. The cutting or shearing of the disk 38 is greatly 
enhanced by the high stress level in the disk 38 due 
to pressure of the gas on the concave side 50 of the 
disk 38. 

As a general rule of manufacturing process, the 
thickness of a piece of metal stock determines, in part, 
the radius of a bend which may be formed without 
cracking or shearing the stock. When the radius of a 
bend for a piece of metal stock becomes much small- 
er than the initial thickness of the stock, the potential 
for the development of cracks in the bend or the actual 
shearing of the stock in this region increases. Conse- 
quently, if it is desirable to achieve a cutting or shear- 
ing action in this region, the stock should be bent at a 
radius which is much less than its thickness. The 
thickness of a typical disk 38 used by inflators 30 of 
the type described herein is approximately 0.25mm 
(0.10 inch). Therefore, based upon the foregoing gen- 
eral rule, the radius "R" defined by the intersection of 
the faces 86 of the projectile 82 which defines an edge 
94, best illustrated in Fig. 6, should be less than 
0.25mm (0.10 inch) in order to achieve the desired 
cutting action. However, in order to ensure that the de- 
sired cutting or shearing action is achieved in these 
regions, the radius R should be significantly less than 
the thickness of the disk 38, and in this case the radius 
R should thus preferably be less than 0.05mm (0.002 
inch). 

In order to enhance the definition of the edges 94 
on the projectile 82, the faces 86 may have a certain 
degree of concavity as best illustrated in Figs. 3, 4, 
and 7, although such concavity is not necessarily re- 
quired (i.e., the edges 94 may already have a suffi- 
ciently small radius to produce the desired cutting ac- 
tion described above). The faces 86 taper downward- 
ly from the edges 94 to produce the desired concavity. 
Consequently, the edges 94 are in essence "raised" 
to enhance separation of the disk 38 by producing a 
more effective cutting action. As can be appreciated, 
although a certain increased definition of the edges 94 
will enhance the controlled separation of the disk 38 
along the predetermined lines defined thereby, the 
point may be reached where such definition will unde- 
sirably increase the potential for portions thereof to 
break off from the remainder of the projectile 82 when 
passing through the disk 38. 

For purposes of comparison with the projectile 82 
of Figs. 3-8 and its configuration which allows for con- 
trolled separation of the disk 38 by the cutting or 
shearing thereof along predetermined lines, consider 
the conical projectile 162 of the type illustrated in Fig. 
13 which is unable to consistently produce an end 
configuration of a disk 38 similar to that illustrated in 
Figs. 11-12and 17. The radius of the smooth, tapered 
surface 166 of the conical projectile 162 does not ap- 
proach that which will induce shearing of the disk 38 
in the region of the bend based upon the above- 
discussed principles of bending (i.e., the radius of the 
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tapered surface is not sufficiently small to shear the 
disk 38 along predetermined lines); As the conical 
projectile 1 62 passes through the disk 38, the bending 
thereof will cause the disk 38 to tear along lines which 
coincide, in part, with the stresses within the disk 38, 
which may vary from case to case dependent upon a 
number of factors. An expected typical end configur- 
ation of a disk 38 using the conical projectile 162 is 
thus illustrated in Fig. 14. As is evident by the config- 
uration of the disk 38 in Fig. 14, the results are essen- 
tially unpredictable and there then exists a potential 
for portions of the barrier 38 breaking off and entering 
the flow from the inflator 30. 

Although the "sharpness" of each edge 94 of the 
projectile 82 is important to achieving the desired cut- 
ting action to produce a controlled separation of the 
disk 38, there are other contributing factors. For in- 
stance, the degree of the taper of the edges 94, as de- 
fined by the angle of inclination of the faces 86, affects 
the cutting action. In one embodiment, the faces are 
inclined at an angle of 45° relative to the longitudinal 
axis of the projectile 82 (or 45° relative to a horizontal 
plane touching the tip 90 as illustrated in Fig. 4) to pro- 
vide an effective cutting action. Although the length of 
the edges 94 is directly affected by this angulation and 
the effective diameter of the projectile 82, the required 
length is more a function of the diameter of the disk 
38 to be separated (discussed below), but it is none- 
theless desirable for the length of each edge 94 to be 
substantially equal. In addition, the edges 94 of the 
projectile 82 should completely extend to the base 98 
of the projectile 82 and maintain the above-described 
"sharpness" over the entire length thereof to in effect 
abruptly end the cut (although it may be continued by 
other forces as discussed below). Any rounding off of 
the edges 94 before reaching the base 98 of the pro- 
jectile 82 will potentially result in an uncontrolled tear- 
ing of the disk 38 after the projectile 82 passes there- 
through to increase the potential for the breaking off 
of portions thereof. 

The projectile 82 should also be configured from 
its base 98 to its bottom 102 so as to not interfere with 
the separation lines produced by the edges 94 (i.e., 
the base 98 should substantially linearly connect the 
ends of the edges 94 such that if there are six edges 
94, the projectile 82 will be substantially hexagonal). 
It may also be necessary or desirable to flatten out 
portions 100 of the projectile 82; Furthermore, the 
hardness of the projectile 82 and its edges 94 should 
preferably be quantitatively greater than that of the 
disk 38 to ensure the desired cutting action is ach- 
ieved. Since a typical disk 38 is made from Inconel™ 
625, one suitable material for the projectile 82 is stain- 
less steel. • 

■ When the above-described configuration of the 
projectile 82 penetrates and passes through a sub- 
stantially circular disk 38, the cutting action produces 
an end configuration of a disk 38 which has a number 



of triangularly-shaped petals 54, which remain attach- 
ed to the rim 42 of the disk 38, and which coincide with 
the number of edges 94 and faces 86 of the projectile 
82 as illustrated in Figs. 11-12 and 17. For instance, 
5 if the projectile 82 has six similarly sized faces 86, the 
separated disk 38 will consistently have six similarly 
sized petals 54 as illustrated in Fig. 11, whereas if the 
projectile 82 has three similarly sized faces 86, the 
separated disk 38 will consistently have threesimilar- 
10 ly sized petals 54 as illustrated in Fig. 12. 

The resultant number of petals 54 into which the 
disk 38 is separated directly affects the desired reduc- 
tion in potential for portions of the disk 38 breaking off 
and entering the flow. For instance, as the number of 
15 petals 54 decreases, there is naturally a correspond- 
ing increase in their individual size. Consequently, the 
"width" of the base of these petals 54 where they re- 
main attached to the rim 42 of the disk 38 also increas- 
es. When this base width of the petals 54 increases 
20 to a certain degree, the point may be reached where 
the material stresses in this region may promote an 
uncontrolled tearing of the disk 38. As a result, por- 
tions of the disk 38, although initially separated in a 
controlled manner by the projectile 82, may tear or 
25 break off because of these stresses and subsequently 
enter the flow from the inflator 30. 

Increasing the number of petals 54 reduces the 
individual size thereof and thus the "width" of the pe- 
tals 54 where attached to the rim 42 of the disk 38, 
30 which thus also reduces stresses in the disk 38 in 
these regions. However, as the number of petals 54 
is increased, the point may be reached where the 
base of the petals 54 becomes sufficiently small such 
that individual petals 54 may break or be torn off by 
35 the flow from the inflator 30. Moreover, the point will 
be reached where the plurality of intersecting faces 86 
will approach a smooth surface such as possessed by 
the conical projectile 162 illustrated in Fig. 13. (i.e., 
the radius R (Fig. 6) of the edges 94 will increase such 
40 that the desired cutting action will not be achievable 
due to the above-discussed bending principles). Con- 
sequently, the disk 38 will tear in a manner dictated 
not by the cutting action of the edges 94, but primarily 
by the stresses in the disk 38 generated by the bend- 
45 ing action of the projectile 82, thereby increasing the 
potential for portions thereof to break or tear off and 
enter the flow. Again, an expected end configuration 
of a disk 38 after a projectile 82 possessing too many 
edges 94 which approaches the configuration of the 
50 conical projectile 162 of Fig. 13 has passed there- 
through is illustrated in Fig. 14. 

Based upon the foregoing, in order to achieve the 
desired cutting action to consistently produce an end 
configuration of a disk 38 which will not introduce any 
55 significant amounts of material into the flow, the num- 
ber of faces 86 and thus edges 94 for the projectile 82 
could range from 4-10, and preferably should range 
from 5-8. A hexagonal projectile 82 (i.e., six faces 86) 
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has produced particularly desirable results. 

The projectile 82 of the described configuration is 
propelled toward the disk 38 to produce the desired 
controlled separation thereof. In this regard, the pro- 
jectile 82 is initially attached to the end of the electro- 5 
explosive device 74 as best illustrated in Figs. 2 and 
1 5. Numerous methods may be used to attach the 
projectile 82 to the electroexplosive device 74 such as 
by molding, crimping, or using an adhesive. When the 
detector 26 (Fig. 1) senses a condition requiring ex- 10 
pansion of the confinement 158 (Fig. 1), the electro- 
explosive device 74 (Figs. 2 and 15) is activated to 
propel the projectile 82, without the use of an external 
guide or other similar bore, toward the disk 38 (Figs. 
2 and 16). Since an external guide is not used in the 15 
illustrated embodiment of the single function projec- 
tile, the projectile 82 may have a cavity 106 positioned 
on its bottom 102 such that the forces of the electro- 
explosive device 74 are concentrated thereon as best 
illustrated in Figs 7-8. In order to enhance this desired 20 
concentration of forces, an extension 75 of the elec- 
troexplosive device 74 which contains, for instance, 
black powder, may fit within the cavity 106 of the pro- 
jectile 82 (Figs. 7-8). Consequently, the need for a 
separate external guide is eliminated. Instead, the 25 
projectile 82 motion is initially guided by the fit of the 
cavity 1 06 of the projectile 82 over the extension 75 
of the electroexplosive device 74. 

The configuration of the disk 38 also contributes 
to the controlled separation by the projectile 82. A 30 
dome-shaped disk 38 which has a concave side 46 
and a convex side 50 may be used to achieve similar 
results as best illustrated in Figs. 9-10 and as gener- 
ally illustrated in Figs. 2 and 15. Preferably, the con- 
cave side 46 is exposed to the gas within the stored 35 
gas housing 34 (Fig. 2) while the convex side 50 is 
positioned to face the projectile 82 (Fig. 2). This par- 
ticular configuration offers a number of advantages in 
reducing the number of fragments generated upon re- 
lease of the gas from the stored gas housing 34 and 40 
in permitting the electroexplosive device 74 with its at- 
tendant lead wires 76 to be positioned outside the 
pressurized compartment of the stored gas housing 
34. 

Referring to Figures 15-17, the disk 38 will initially 45 
be in a stressed condition due to the exertion of forces 
on the concave side 46 thereof by the pressurized gas 
within the stored gas housing 34 (Fig. 2). When the 
projectile 82 is propelled toward and initially contacts 
the disk 38, the disk 38 will "dimple" in as illustrated so 
in Fig. 16 and begin to "pierce" the disk 38. This dim- 
pling of the disk 38 further increases the stresses 
therewithin.When the disk 38 is penetrated by th 
projectile 82, these stresses ar r leased and assist 
in the separation of th disk 38 along the lines defined 55 
by the edges 94 of the projectile 82 (i.e., the desired 
cutting action is enhanced). Further contributing to th 
controlled separation of the disk 38 along these lines- 



is the flow of gas from the stored gas housing 34. Con- 
sequently, the end result is a plurality of petals 54 of 
substantially similar size which point in the direction 
of the flow which further reduces the potential for por- 
tions thereof breaking off and entering the flow from 
the inflator 30 as illustrated in Fig. 17. 

When using a disk 38 of the above described 
"dome-shaped" configuration, the diameter of the pro- 
jectile 82 need not necessarily be similar to that of the 
disk 38 to ensure that controlled separation thereof is 
achieved. For instance, due to the stresses in the disk 
38 resulting from the above-described initial "dim- 
pling" of the disk 38 from the projectile 82 and the for- 
ces exerted on the concave side 46 of the disk 38 by 
the gas from the stored gas housing 34, the edges 94 
of the projectile 82 do not have to cut the disk 38 ail 
the way to the rim 42 to achieve full separation. As 
long as the controlled cut has reached a certain dis- 
tance, these other forces will complete the separation 
of the disk 38 in a controlled manner without signifi- 
cantly increasing the risk for portions thereof breaking 
off. In fact, the diameter of the projectile 82 may be ap- 
proximately one-half of that of the disk 38 without gen- 
erating or undesirably increasing the potential for gen- 
erating any significant amount of fragments. 

In operation of the single function projectile em- 
bodiment of the present invention when incorporated 
into an inflatable safety system 22 of the type illustrat- 
ed in Figs. 1-2, the detector 26 will send a signal to 
the electroexplosive device 74 when activation of the 
inflatable safety system 22 is required. After the elec- 
tro-explosive device 74 receives the signal, the pro- 
jectile 82 is propelled through the disk 38 to achieve 
the above-desired results. When a hexagonally con- 
figured projectile 82 has been initially positioned ap- 
proximately 6.35 mm (1/4") from the disk 38 and pro- 
pelled toward the disk 38 at an initial velocity ranging 
from 152 to 183 m/s (500-600 feet/second), desirable 
results have been obtained. However, as can be ap- 
preciated, by varying the weight of the projectile, va- 
rious ranges of initial velocities may be used. For in- 
stance, by increasing the weight of the projectile 82 
this initial velocity can be reduced to 91 to 152 m/s 
(300-500 feet/second). 

After the projectile 82 passes through the disk 38, 
gas will flow from the stored gas housing 34 into the 
confinement 158 without any significant amount of 
foreign materials therein which could adversely affect 
performance of the inflatable safety system 22. Since 
the diameter of the projectile 82 is greater than that of 
the individual interior and exterior discharge ports 66, 
70, the projectile 82 will be retained within the inflator 
30 during operation so as to not enter the confinement 
158. 

Another embodiment of the present invention is a 
specially configured inflator 170 which utiliz s a dual 
function projectile 234 as illustrated in Figs. 18-20. 
The inflator 170 generally includes a pressure bottle 
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174 which contains a source of compressed gas, a 
gas generator 178 having a propellant 186 contained 
therein, and a projectile 234. When an appropriate 
signal is received by the inflator 1 70, the projectile 234 
is propelled to provide a flow path for the gas from the 5 
pressure bottle 1 74 and to impact a portion of the gas 
generator 178 to ignite the propellant 186. As will be 
appreciated based upon the following discussion, the 
inflator 170, more particularly its performance charac- 
teristics, makes it particularly useful for incorporation 10 
into the inflatable safety system 22 of Fig. 1, thereby 
replacing inflator 30 as described hereinabove. Con- 
sequently, the dual function projectile embodiment of 
Figs. 18-20 will be described with reference to supply- 
ing a gas to the inflatable confinement 158 of Fig. 1. 15 

Referring to Fig. 18, the pressure bottle 174 con- 
tains a source of an appropriate gas for initially inflat- 
ing the confinement 158 (Fig. 1) which is typically 
maintained at a pressure ranging from 14.5 x 10 e Pa 
to 26.9 x 10 6 Pa (2,100 psi to 3,900 psi), depending 20 
upon the ambient temperature. Although various gas- 
es may be appropriately used, argon is preferred 
based upon its inertness and toxicity prevention. 
Moreover, the high density and molecular weight of 
argon potentially contributes to achieving the desired 25 
performance curve for the inflator 170 as illustrated in 
Fig. 22 and as will be discussed below. 

The stored gas is initially retained within the pres- 
sure bottle 174 by a closure disk 222. More particu- 
larly, the closure disk 222 is positioned within a disk 30 
housing 214 which is attached to the discharge end 
176 of the pressure bottle 174 by appropriate meth- 
ods, such as welding. A plurality of disk housing out- 
lets 218 are positioned on the disk housing 214 to al- 
low the gas within the pressure bottle 174 to fluidly 35 
communicate with the interior of the disk housing 214, 
and thus exert a force on a portion of the closure disk 
222 prior to activation of the inflator 170. 

When an appropriate signal is received by the in- 
flator 1 70 from the detector 26 (Fig. 1), the projectile 40 
234 is propelled through the closure disk 222 at an ap- 
propriate velocity (as discussed above for projectile 
82), as illustrated in Fig. 19, to provide a flow path from 
the pressure bottle 174 for both the stored gases and 
for the propellant gases produced by the activation of 45 
the gas generator 178 (discussed below). In this re- 
gard, the projectile 234 is attached to a squib 238 or 
other suitable electroexplosive device and is prefer- 
ably in substantial alignment with the central region of 
the closure disk 222. The squib 238, which is electri- 50 
cally interconnected with the detector 26 (Fig. 1), and 
the projectile 234 are retained within a manifold con- 
nector 226 which is positioned on the end of the disk 
housing 214 downstr am of the closure disk 222. 
Consequently, the squib 238 and .the projectile 234 55 
are desirably not initially exposed to the stored gas 
within the pressur bottle 174, thereby reducing the 
complexity of utilizing this type of an activation device 



for the inflator 170. A plurality of manifold outlets 230 
are also positioned on the manifold connector 226 to 
provide fluid communication with the confinement 1 58 
via the conduit 154 (Fig. 1) once the projectile 234 
passes through the closure disk 222. A flow path from 
the pressure bottle 174 to the confinement 158 (Fig. 
1) Is therefore established once the projectile 234 
passes through the closure disk 222, namely from the 
pressure bottle 174 through the disk housing outlets 
218, the disk housing 214, the manifold connector 
226, the manifold connector outlets 230, and the con- 
duit 154 (Fig. 1). 

After performing this initial function of providing 
for the above-described flow path, the projectile 234 
continues to advance toward the gas generator 178 
for purposes of initiating combustion of the propellant 
186 contained therein as illustrated in Figs. 19-20. In 
this regard, the gas generator 178 is appropriately 
connected to the disk housing 214, such as by weld- 
ing, and preferably is in substantial alignment with the 
projectile 234. Moreover, the gas generator 178 gen- 
erally includes an ignition assembly 190, positioned 
adjacent to the disk housing 214, and a propellant 
chamber 182 which contains the propellant 186 and 
which is positioned adjacent to the ignition assembly 
190. 

The ignition assembly 190 includes an activation 
plate 194 which is preferably substantially aligned 
with the projectile 234. One alternative for securing 
the activation plate 194 is to position it between the 
end of the disk housing 214 and the notched-out end 
of the charge holder 200 positioned within the gas 
generator 1 78. Consequently, the activation plate 194 
is able to deflect toward the charge holder 200 when 
impacted by the projectile 234 to initiate ignition of the 
propellant 186 (discussed below). As can be appreci- 
ated, it is desirable, however, for this required deflec- 
tion tooccuronly when impacted by the projectile 234, 
and thus the activation plate 194 should have a suffi- 
cient "stiffness" so as to reduce the potential for inad- 
vertent ignition of the propellant 186. In order to re- 
duce the distance between the projectile 234 and the 
activation plate 194 and thus the time between acti- 
vation of the squib 238 and the impacting of the pro- 
jectile 234 on the activation plate 194, the activation 
plate 194 may have a convexly shaped portion 196 
which faces the projectile 234. 

Deflection of the activation plate 194 is required 
for activation of the gas generator 178 such that the 
impacting member 198 positioned on the activation 
plate 194 will strike at least one of the plurality of per- 
cussion primers 202 which are positioned within the 
notched out region of the charge holder 200. This im- 
pacting member 198 may be, for instance, a continu- 
ous ring or a plurality of individual extensions, posi- 
tioned in proximity to the primers 202 is the ignition 
charge 206. The charge holder 200, and thus the pri- 
mers 202 and the ignition charge 206, is maintained 
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between the disk housing 214 and the propellant 
chamber 182 by a retainer 242 which contacts a 
shoulder portion of the gas generator 178. 

After the projectile 234 passes through the clo- 
sure disk 222 and impacts the activation plate 1 94, the 5 
activation plate 194 deflects and the impacting mem- 
ber 1 98 on the activation plate 1 94 strikes one or more 
of the percussion primers 202 aligned therewith as il- 
lustrated in Fig. 20. The ignition charge 206 and, thus 
the propellant 186, is ignited and the gases generated 10 
by the combustion of the propellant 186 flow through 
the gas generator outlet 210 positioned on the dis- 
charge end of the gas generator 178. A propellant 
strainer 246 may be positioned adjacent the gas gen- 
erator outlet 210 to retain the propellant 186 within the 15 
propellant chamber 182. 

Summarizing the operation of the inflator 1 70, the 
detector 26 (Fig. 1) sends a signal to the squib 238 to 
fire the projectile 234. The propelled projectile 234 ini- 
tially passes through the closure disk 222 to open the 20 
described passageway between the pressure bottle 
174 and the confinement 158 (Fig 1). The projectile 
234, however, continues to advance until it impacts 
the activation plate 194. Upon impact, the activation 
plate 194 deflects into a position which causes the im- 25 
pacting member 198 attached thereto to strike at least 
one of the aligned percussion primers 202, thereby ig- 
niting the ignition charge 206 and thus the propellant 
186. The propellant gases generated by the combus- 
tion of the propellant 1 86 exit the gas generator outlet 30 
210 positioned on the discharge end of the gas gen- 
erator 178 and flow to the confinement 158 (Fig. 1) . 
through the above-described flow path. 

As can be appreciated, the projectile 234 may as- 
sume various configurations in performing its dual 35 
functions, namely passing through the closure disk 
222 to provide a flow path from the pressure bottle 1 74 
to the confinement 158 (Fig. 1) and impacting the ac- 
tivation plate 194 to initiate the combustion of the pro- 
pellant 186 in the gas generator 178. For instance, the 40 
projectile 234 may be configured as a ball or as the 
conical projectile 162 of Fig. 13. However, in these in- 
stances it is likely that upon passing through the clo- 
sure disk 222, fragments would be produced as dis- 
cussed above with regard to the single function pro- 45 
jectile embodiment. Consequently, for those configur- 
ations of the projectile 234 which do not separate the 
closure disk 222 in a controlled manner, which is not 
required by this dual function projectile embodiment, 
it may be necessary to incorporate a filtering system 50 
(not shown) between the inflator 170 and the confine- 
ment 158 to remove fragments from the flow so as to 
not adversely affect performance of the inflatable .. 4 
safety system 22. - 

In order to alleviate the need for a filtering system, 55 
it is preferable for this dual function projectile embodi- 
ment to utilize a projectile 234 which is similarly con- 
figured to the projectile 82 described above for the sin- 



gle function projectile embodiment to achieve the de- 
sired fragmentation reduction feature attendant with 
its design. Consequently, the projectile 234 would 
have the plurality of inclined and intersecting faces 
86, a tip 90, and a plurality of cutting edges 94 (not 
shown on projectile 234) to controllably separate the 
closure disk 222, as illustrated on the projectile 82 of 
Figs. 3-8. In order to further reduce the amount of frag- 
ments generated upon establishing a flow path from 
the pressure bottle 1 74, it is also preferable for the clo- 
sure disk 222 to have the dome-shaped configuration 
of the disk 38 discussed above as illustrated in Figs. 
9-10 for the single function projectile embodiment. 

The projectile 234 is required to be directed 
through the closure disk 222 to impact the activation 
plate 194 and thus has a cavity (not shown) similar to 
cavity 106 for the projectile 82. A portion of the squib 
238 may then be positioned in this cavity such that the 
forces exerted on the projectile 234 by the ignition of 
the squib 238 are concentrated so as to effectively 
guide the projectile 234 on its desired path. In this dual 
function projectile embodiment, the cavity 106 may be 
approximately 12.7 mm (0.5 inches) long. 

Since the projectile 234 must pass through the 
closure disk 222 to impact the activation plate 194, it 
may be desirable to position the squib 238 and the 
projectile 234 into a guide sleeve 250. The guide 
sleeve 250 serves a number of useful purposes. Ini- 
tially, the guide sleeve 250 directs the projectile 234 
toward the closure disk 222 and the activation plate 
194 and the squib 238 is also then able to transfer a 
substantial portion of its activation forces to the pro- 
jectile 234. Moreover, the guide sleeve 250 may be 
sufficiently long such that the entire projectile 234 will 
not leave the sleeve 250 to impact the activation plate 
194. Consequently, the projectile 234 may rebound 
back into the sleeve 250 after impacting the activated 
plate 194 and is thus retained therein during inflation. 
Relatedly, the projectile 234 may be positioned in the 
guide sleeve 250 such that after activation of the 
squib 238, the projectile 234 will retain a large portion 
of those activation by-products which, if they entered 
the gas flow from the inflator 170, could adversely af- 
fect the performance of the inflator 170. Furthermore, 
the sleeve 250 may also have a crimp 254 to engage 
a groove 258 on the projectile 234 to assist in main- 
taining the projectile 234 in position prior to ignition of 
the squib 238. 

Although the dual function projectile embodiment 
of the present invention reduces the complexity for ig- 
nition of. a gas generator 178, it does so without sig- 
nificantly adversely affecting the overall performance 
of the inflator 1:70. As is known in the art, it is desirable 
to initially inflate the confinement 158 (Fig. 1) to a de- 
gree with cold gas (i.e., gas at ambient temperature) 
before providing hot gas (i.e., gas produced by burn- 
ing propellant 186 which is at an elevated tempera- 
ture). This not only reduces thermal deterioration of 
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the confinement 158, but also reduces the potential 
for the expansion of the confinement 158 itself inflict- 
ing injury upon the person contacted by the confine- 
ment 158. The dual function projectile embodiment 
provides this desired feature without requiring a de- 5 
layed ignition of the gas generator 178. 

Generally regarding the operation of the inflator 
170 which produces this desired manner of inflation, 
once the projectile 234 passes through the closure 
disk 222, the gas stored within the pressure bottle 1 74 10 
begins to flow through the above-described passage- 
way to the confinement 158. However, the projectile 
234 also impacts the activation plate 194 to ignite the 
propellant 186 shortly thereafter without the monitor- 
ing of any other event or condition. Before the gas 15 
generator 178 reaches its operating pressure, the 
pressure within the pressure bottle 174 will drop to a 
certain degree (i.e., a certain volume of "cold" stored 
gas is provided to the confinement 158). As the gas 
generator 178 reaches its operating pressure, the pro- 20 
pellant gases generated thereby essentially, act as a 
piston to force that portion of the "cold" stored gas out 
of the pressure bottle 174 which is positioned be- 
tween the gas generator outlet 21 0 and the disk hous- 
ing outlets 218 and the closure disk 222. Once this 25 
"column" of stored gas has been evacuated from the 
pressure bottle 174, only then is a significant quantity 
of the propellant gases, which are at an elevated tem- 
perature, provided to the confinement 158. Therefore, 
the confinement 158 is desirably initially inflated with 30 
a cooler gas before the propellant gases are provided 
thereto. 

A number of structural features and operational 
parameters contribute to this desired operation of the 
inflator 170. For instance, the gas generator outlet 35 
210 is sufficiently separated from the disk housing 
outlets 218 (the initial exiting passageway from the 
pressure bottle 174) such that there is a column of 
"cold" gas which will be provided to the confinement 
158 by the piston-like action of the propellant gases. 40 
With regard to having the propellant gases posses 
this piston-like characteristic, it is necessary for there 
to be little mixing of the propellant gases and the stor- 
ed gases (i.e., little turbulence). A number of factors 
contribute to this desired condition. For instance, the 45 
gas generator outlet 210 directs the hot propellant 
gases initially away from the disk housing outlets 218 
and the closure disk 222. Moreover, during operation 
of the gas generator 178 (i.e., during combustion of 
the propellant 186), the pressure within the gas gen- so 
erator 178 ranges from only about 0-20% above the 
pressure within the pr ssure bottle 174. Furthermore, 
the gas generator 178 is operated subsonically (i. ., 
the propellant gases are provided to the pressure bot- 
tle 174 at a subsonic rate). As a result, there is very 55 
little turbulence generated between the stored gas 
and the propellant gas. Consequently, the effect is 
that the propellant gases effectively push the column 



of stored gas into th confinement 1 58 before the pro- 
pellant gases are provided thereto. 

The operation of the inflator 170 of Figures 18-20 
is typified by the exemplary performance curves illu- 
strated in Figs. 21-22. The performance curve of Fig. 
21 illustrates the pressure buildup rate within the pres- 
sure bottle 174 upon activation of the inflator 170, 
based upon an initial stored gas pressure of 20.7 x 
10 6 Pa (3000 psi) gage within the pressure bottle 174 
at21.1°C (70°F). Point A indicates the point at which 
the stored gas begins flowing from the pressure bottle 
1 74 to the confinement 1 58 as a result of the projectile 
234 passing through the closure disk 222. As previ- 
ously stated, the projectile 234 continues on to impact 
the activation plate 194 to ultimately ignite the propel- 
lant 186. Ignition of the propellant 186 actually takes 
place between points A and B. However, for a short 
period of time after the propellant 186 is ignited, the 
pressure within the pressure bottle 174 continues to 
drop since the gas generator 1 78 has not yet reached 
its operating pressure. At point B, which is approxi- 
mately 5-7 milliseconds after flow is initiated, the gas 
generator 178 begins providing a sufficient quantity of 
propellant gases to start increasing the pressure with- 
in the pressure bottle 174. The continued combustion 
of the propellant 186 thereafter increases the pres- 
sure within the pressure bottle 174 to a maximum lev- 
el as indicated at point C, which occurs approximately 
30 milliseconds after flow is initiated. Thereafter, the 
pressure within the pressure bottle 174 decays to a 
minimum level at point D, which occurs approximately 
100 milliseconds after inflation is initiated. Conse- 
quently, full inflation of the confinement 158 (Fig. 1) is 
achieved during this time period. 

The pressure buildup curve for a certain fix-wal- 
led container (not shown) connected to the inflator 
170 is illustrated in Fig. 22, which is effectively indica- 
tive of the flow rate provided to the confinement 158 
and its expansion. At point A, the stored gas begins 
flowing from the pressure bottle 174 to the confine- 
ment 158 at, effectively, a first flow rate. Between 
points A and B, the propellant 186 is again activated 
by the impacting projectile 234 and the propellant gas- 
es again force that column of cold gas out of the pres- 
sure bottle 174 which is between the gas generator 
outlet 210 and the disk housing outlets 218. At point 
B, approximately 20 milliseconds after flow is initiat- 
ed, the propellant gases actually enter the confine- 
ment 158 such that the rate of pressure buildup in- 
creases at a higher second level. The confinement 
pressurization rate of the propellant gases is approx- 
imately three times that of the "cold" stored gas. The 
pressure thereafter builds up at a substantially con- 
stant rate until point C, after which the pressure build- 
up continues to increase but at a som what lesser 
rate as the gas generator 178 nears completion^ its 
operation. At point D, the maximum pressure is ach- 
ieved after which a slight decay occurs. • 
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The performance curves of Figs. 21-22 illustrate 
the desired pressure buildup, and thus the effective 
flow rate, to the confinement 158. For instance, be- 
tween points A and B in Fig. 22, the above-described 
column of cold gas (i.e., the stored gas within the pres- 5 
sure bottle 174), is provided to the confinement 158. 
This cold gas increases the pressure within the con- 
finement 158 at a first rate so as to reduce thermal de- 
terioration of the confinement 158 and the effects of 
the expanding confinement on the individual contact- 1 o 
ing the confinement 158. At point B, the propellant 
gases are provided to the confinement at the elevated 
temperature a nd are then able to achieve a higher rate 
of pressure buildup to effectively "harden" the con- 
finement 158, but again only after contact is establish- 15 
ed between the confinement and the individual. 

With reference to Figs. 23-24, another embodi- 
ment of the present invention is directed toward an ig- 
nition assembly for a gas generator which may be ac- 
tivated, for instance, by utilizing a projectile of the 20 
above-described type. In this regard, the ignition as- 
sembly effectively transfers the kinetic energy from 
the projectile to the activating device, such as the 
above-described percussion primer(s), while still re- 
ducing the potential for preignition of the propellant 25 
contained within the gas generator. Moreover, the ig- 
nition assembly also acts as a check valve in sealing 
the gas generator housing such that the propellant 
gases are properly directed through the gas generator 
outlet(s) in the desired manner, which improves the 30 
consistency of the performance of the inflator. That is, 
propellant gases are permitted to flow in a first direc- 
tion but are substantially prevented by the check valve 
operation from flowing in a second, opposite direction. 

An inflator 270 which incorporates one embodi- 35 
ment of the ignition assembly of the present invention 
is illustrated in Figs. 23-24. The overall operation and 
configuration of the inflator 270 is generally similar to 
the inflator 170 of Figs. 18-20 discussed above with 
regard to the dual function projectile embodiment of 40 
the present invention, and thus the operation and 
structural characteristics of the inflator 270 will only be 
generally referenced herein. 

The inflator 270 utilizes a pressure bottle 274 for 
providing pressurized stored gases to the confine- 45 
ment 158 (Fig. 1) and a gas generator 326 for provid- 
ing propellant gases in the above-described manner. 
Consequently, the pressure bottle 274 is connected to 
an orifice boss 278, and an orifice closure disk 282, 
appropriately positioned within the orifice boss 278, 50 
initially retains the stored gases within the pressure 
bottle 274. Moreover, a projectile 294 is positioned on 
the convex side 286 of the orifice closure disk 282 
within a barrel 298 and utilizes the propelling forces 
generated by the activation of a squib 302, such as 55 
upon receipt of a signal from a detector 26 in the in- 
flatable safety system 22 (Fig. 1) discussed above, to 
penetrate and pass through the orifice closure disk 



282. The pressurized stored gases within the pres- 
sure bottle 274 therefore flow through the plurality of 
orifices 310 in the orifice sleeve 306, which is con- 
nected to the orifice boss 278 on a concave side 290 
of the orifice closure disk 282, the screen 322 and or- 
ifices 318 in the diffuser 314, and the conduit 154 (if 
required) to the confinement 158 (Fig. 1). 

As also seen in Fig. 23, the preferred projectile 
294 includes a projectile head 296 integrally formed 
with a body 300 at one end of the head 296 and a base 
304 found at the opposite end of the body 300. The 
projectile head 296 is configured the same as that of 
the head previously described for projectile 234 and 
thus provides the advantages attendant with such 
configuration. However, the body 300 has been modi- 
fied over the previous embodiment in that it has a re- 
duced diameter or width in comparison with such em- 
bodiment in order to facilitate the controlled separa- 
tion of the orifice closure disk 282 in the manner de- 
scribed above with regard to disk 38. The diameter of 
the body 300 is prefera bly less than about one half the 
diameter of the largest diameter portion of the head 
296, which, as can be seen in Fig. 25, is that portion 
which is connected to the body 300. In one embodi- 
ment in which the orifice closure disk 282 has a diam- 
eter of 25.4 mm (1 inch), the projectile head 296 has 
a diameter of about 12.1 mm (0.5 inch) and the body 
300 has a diameter of about 4.8 mm (3/1 6 inch). The 
base 304 also includes grooves 308 for receiving 
sealing rings 312, as illustrated in Fig. 23. The sealing 
rings 312 provide a sealing function to assist in the 
prevention of the flow of gases past the projectile 294, 
until and unless the inflator 270 is ignited. 

A gas generator 326, namely the gas generator 
housing 330, is appropriately connected to the orifice 
sleeve 306 and contains a gas generating propellant 
334 for augmenting the flow to the confinement 1 58 
(Fig. 1) when ignited by the ignition assembly 258 of 
the present invention. The propellant 334 is contained 
within a propellant retainer 338 which is separated 
from a gas generator outlet 346 on a discharge end 
348 of the gas generator housing 330 by a standoff 
350 and strainer 354. The strainer 354 is desirable 
since in one embodiment the propellant 334 is a solid 
which is maintained within the propellant retainer 338 
by pins 342. Consequently, upon ignition of the pro- 
pellant 334 by the ignition assembly 358, the strainer 
354 reduces the potential for the propellant 334 enter- 
ing the flow from the gas generator 326 through the 
outlet 346, which could adversely affect the perfor- 
mance of the inflatable safety system 22 (Fig. 1). 

The ignition assembly 358 is at least partially 
positioned within the gas generator housing 330 be- 
tween the projectile 294 and propellant 334. The igni- 
tion assembly 358 generally includes an actuation 
piston 362, and at least one percussion primer 366 
and an ignition material 370 which serve as an acti- 
vator. Mor particularly, an actuation retainer 374 en- 
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gages an end portion of the orifice sleeve 306 and the 
interior wall of the gas generator housing 330, the ac- 
tuation retainer 374 thereby functioning at least in part 
to contain at least a portion of and guide the actuation 
piston 362 positioned therein. A primer holder 378 en- 5 
gages an end of the actuation retainer 374 and in- 
cludes a plurality of percussion primers 366 which are 
positioned substantially adjacent to an ignition mate- 
rial 370, the ignition material 370 being retained within 
a portion of the primer holder 378 by a cup 382. Each 10 
of these percussion primers 366 are substantially 
aligned with an impacting portion of the actuation pis- 
ton 362 as discussed below. A retainer 386 and strain- 
er 390 engage the primer holder 378 to complete the 
interconnection of the ignition assembly 358 to the 15 
propeilant 334. When the gas generator housing 330 
is attached to the orifice sleeve 306, such as by crimp- 
ing, the gas generator housing 330 has a tendency to 
lengthen. Consequently, in order to maintain a firm in- 
teraction of the foregoing components, a wave spring 20 
washer 394 is preferably positioned between the re- 
tainer 386 and the strainer 390, although the washer 
394 could be located elsewhere in the gas generator 
housing 330 to achieve this desired function. 

An actuation piston 362 is slidably positioned 25 
within the actuation retainer 374 and includes a con- 
tinuous rim projecting member 398 which is substan- 
tially aligned with the primers 366. As can be appre- 
ciated, a plurality of projecting members (not shown), 
could replace the substantially continuous rim project- 30 
ing member 398. A retention pin 402 extends through 
a portion of the actuation retainer 374 and the actua- 
tion piston 362 to initially maintain the position of the 
actuation piston 362 away from the primers 366. Con- 
sequently, the potential for inadvertent engagement 35 
of the actuation piston 362 with the percussion pri- 
mers 366, which could activate the gas generator 326, 
is reduced. However, after the projectile 294 passes 
through the orifice closure disk 282, the projectile 294 
impacts the actuation piston 362 and shears the re- 40 
tention pin 402 such that the actuation piston 362 is 
substantially released therefrom. The kinetic energy 
of the projectile 294 is therefore effectively transferred 
to the actuation piston 362 and then to the primers 366 
such that a sufficient impact will be established with 45 
the primers 366 to ignite the ignition material 370, and 
therefore the propeilant 334. Thereafter, the operation 
of the inflator 270 continues as discussed above with 
regard to the inflator 170. As can be appreciated, the 
retention pin 402 may be a retention ring (not shown). so 

Based upon the interaction of the actuation re- 
tainer 374 and actuation piston 362, it can be appre- 
ciated that a number of design variations may be util- 
ized. For instance, the force which releases the actua- 
tion piston 362 could be a differential pressure which 55 
develops during the initial r lease of the stored gases 
versus an impacting projectile 294, and various other 
retaining devices may be used other than the reten- 



tion pin 402; provided, however, that such retaining 
devices substantially release the actuation piston 362 
so as to not adversely affect the transfer of kinetic en- 
ergy to the percussion primers 366. 

In order to further increase the effective transfer 
of kinetic energy from the projectile 294 to the primers 
366, relief orifices 406 are positioned on the actuation 
retainer 374 such that the resistance to the motion of 
the actuation piston 362 toward the primers 366 is re- 
duced. More particularly, any air or other gases be- 
tween the primer holder 378/primers 366 and the ac- 
tuation piston 362 are forced out through the relief or- 
ifices 406. As can be appreciated, the relief orifices 
406 are not necessarily required since there will be 
some gap between the portions of the actuation piston 
362 which are slidably engaged with the actuation re- 
tainer 374 through which such air and/or other gases 
could escape. 

As can be appreciated, the actuation piston 362 
experiences substantially significant ballistic pres- 
sures when impacted by the projectile 294. For In- 
stance, such pressures may range from about 20.7 x 
10 6 Pa (3,000 psi) to about 34.5 x 10 6 Pa (5,000 psi). 
Consequently, the actuation piston 362 includes a re- 
ceiving portion 360 which is significantly thick to with- 
stand this impact. In one embodiment, this thickness 
ranges from about 5.1 mm (0.2") to about 10.2 mm 
(0.4") and materials such as 1018 steel or 17-4PH 
SST are used for the structure of the actuation piston 
362. Notwithstanding these characteristics of the ac- 
tuation piston 362, since a retention pin 402 is utilized 
to engage and retain the position of the actuation pis- 
ton 362, the thickness of the receiving portion 360 
does not substantially affect the transfer of kinetic en- 
ergy to the percussion primers 366. 

The primary function of the percussion primers 
366 is to ignite the ignition material 370. During oper- 
ation of the gas generator 326, however, the primers 
366 may erode, allowing gases generated by com- 
bustion of the propeilant 334 to flow through the pri- 
mers 366. Any leakage of propeilant gases in this 
manner may adversely affect the consistency of per- 
formance of the inflator 270. These gases, however, 
desirably act upon the entire area of the actuation pis- 
ton 362 which faces the primers 366, including the 
continuous rim projecting member 398 and a concave 
portion 364 which is positioned interiorly of the con- 
tinuous rim projecting member 398, to move the pis- 
ton 362 to provide the sealing function described be- 
low. As can be appreciated, the concave portion 364 
can be replaced by alternate configurations which will 
allow for sufficient projection of the continuous rim 
projecting member 398 for ngagement with the pri- 
mers 366. 

. The actuation retainer 374 desirably includes a 
retainer shoulder portion 410 which engag s with a 
piston shoulder portion 414 of the actuation piston 
362 to provide a seal for the gas generator housing 
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330 which substantially limits any leakage of gases 
therethrough. In order to assist in defining these 
shoulder portions 410, 414 and to provide a sufficient 
surface upon which any leaking propellant gases may 
act, it is preferred for the cross-sectional area of the 
actuation piston 362 which faces the primers 366 to 
be greater than the cross-sectional area of the receiv- 
ing portion 360 which is engageable by the projectile 
294. Consequently, the concave portion 364, the con- 
tinuous rim projecting member 298, and the area 
therebetween provide a suitable surface for the force 
of such gases passing through the primers 366 to act 
upon and move the actuation piston 362 away from 
the primers 366. When the actuation piston 362 is 
moved in this manner, the piston shoulder portion 414 
is forced against the retainer shoulder portion 410 to 
substantially seal the gas generator housing 330 in 
this region. Therefore, the performance of the inflator 
270 is more consistent since the gas generator pro- 



6. Apparatus according to claim 1, wherein: 

the projectile means includes a projectile 
and guide means with the guide means being of 
a length such that at least a portion of the projec- 
5 tile is retained within the guide means when the 

projectile impacts the gas generator means. 

7. Apparatus according to claim 1, including: 

sealing means for substantially reducing 
10 the flow of propellant gases in a direction opposite 

from a predetermined direction. 

8. Apparatus according to claim 7, wherein: 

the sealing means includes actuation sup- 
15 ' port means connected to the housing means the 
actuation support means having a first sealing 
portion and the gas generator means having a 
second sealing portion with the first sealing por- 
tion being engagable with the second sealing por- 
tion whereby generated gases are able to exert a 
force to assist in providing substantial seal en- 
gagement between the first and second sealing 
portions. 

9. Apparatus according to claim 1, wherein: 
the gas generating means includes piston 

means having a first portion that is greater in 
cross-sectional area than a second portion which 
is engagable by the projectile means. 

10. Apparatus according to claim 1, wherein: 
the projectile means includes a head and 

a body with a maximum diameter of the head be- 
ing greater than a maximum diameter of a portion 
of the body adjacent to the head. 

11. A method for supplying gas, comprising: 
storing a supply of gas in container means; 
propelling projectile means through clo- 
sure means to provide a gas flow path from the 
container means; and 

impacting a gas generator means with the 
projectile means to ignite propellant means con- 
tained within the gas generator means and gen- 
erate propellant gases. 

12. A method according to claim 11, wherein: 
the step of impacting includes directing 

propellant gases initially away from the flow path. 

13. A method according to claim 11, wherein: 
; the step of impacting includes sealing at 

least a portion of the gas generator means sub- 
stantially to reduce the flow of propellant gases in 
a direction substantially opposite from one prede- 
. termined direction. 

14. A method according to claim 13, wherein: 



pellant gases are directed through the gas generator 20 
outlet 346 to perform in the above-described manner. 

Claims 

25 

1. Apparatus for supplying gas comprising: 

container means for holding gas; 

gas generator means including propellant 
means the gas generator means being connected 
to said container means; 30 

closure means; and 

projectile means for opening the closure 
means and for impacting the gas generator 
means to ignite the propellant means. 

35 

2. Apparatus according to daim 1 , wherein: 

the gas generating means includes a de- 
flectable member in substantial alignment with 
the projectile means. 

40 

3. Apparatus according to claim 2, wherein: 

the gas generator means includes a plur- 
ality of primers and the deflectable member has 
a convex portion facing the projectile means and 
in impacting ring aligned with the plurality of pri- 45 
mers. 

4. Apparatus according to claim 1 , wherein: 

the gas generator means includes outlet 
means positioned initially to direct gas away from 50 
the closure means when the closure means is 
opened by the projectile means. 

5. Apparatus according to claim 1 , including: 

squib means and cavity means with the 55 
squib means being at least partially positioned in 
the cavity means. 

17 
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the step of sealing includes using propel- 
lant gases for assisting in providing a sealing en- 
gagement between portions of the gas generator 
means. 
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